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ABSTRACT 

Many of the arguments behind efforts to reform this 
nations 's immigration laws allege that immigrants, especially illegal 
immigrants^ _ take jobs away_ f rbm native workers , depress wages , and 
receive public services valued in excess b£ their tax contributions. 
To provide a basis for appraising these economic arguments, this 
paper presents a model for simulating the ecbhoaic effects of 
immigratipn. The model is a theoretical framework, useful for 
understanding how the various economic responses triggered by 
immigration relate to one another. Simulatibh of the model shows that 
the effects of an increase in_ annual flow of iiniigrahts are highly 
sensitive to the substitutability between labor and capital and among 
different kinds of labor; to the responsiviness of wage changes to 
unemployment; to the presence or absence of wage rigidity; and to the 
skill mix of immigrants. Effects are also sensitive to regional 
behavior , specif ically to the response of interregional migration and 
interregional trade to wage and price differentials. The report 
contains an overview of the models simulaticn of the mbdel, and an 
agenda for future work on the model. Included are a list of 
references and related titles. An appendix lists the variables, the 
equations with the coefficients used for the reference simulation, 
and the alterations for each of the other simulations. (LBW) 
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FOREWORD 



Issues concerning the level and cbmpositibn of inmiigratidn to the United 
States have assumed prominent positions on the agendas of many policymakers i 
Perhaps nowhere are iramlgratibn's effects more keeily felt than in California, 
where one-quarter of all foreign-born persons in the United States curretitiy 
reside. 

This Policy Discussion Paper series is aimed at Improving the quality of 
the policy-making process through a broad distribution of research findings on 
the consequences of immigration to California. These disseminatibn activities 
are part of The Urta^ Institute's larger project , Study bf the Impacts of 
immigration in California, funded by the Weingart Fbundatioh, the Atlantic 
Richfield Foundation, the Ahmansbn Fbundatibn^ ' ami the Times Mirror 
Foundation. Important pblicjr issues being addressed include (a) economic and 
fiscal issues associated with immigratibn^ ^b) the character and tempo of 
assimilatidn processes^ and (c) the impact on California of proposals for 
immigratiba reform. All majbr imttigrant groups to California — not just 
Mexicans— are being Included ,_ as are the comparative effects in northern as 
well as in sbuthem Calif brnia. 

The Urban Inatitute''s_bbje^^^ is to make a positive contrlbutibti tO; the 
pblicy process, it is committed to getting its work into the hands bf people 
who can use it and rely upon it to make judgments of their own bn future 
policy directions. Related titles are listed at the end of this paper. 



Thomas J. Espen'shade 
Director 

Program in Demographic Studies 
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THE ECONOMIC EFFECTS OF iMMiS&ATION: 
SPEClFICATiOli OF A MODEL 

Executive Smoaair^ 

Many of the arguments behind efforts to reform this nation's itmigration 
liws allege that immigrants, especially illegal immigrants, take jobs away 
from native workers, depress wages ^ and receive public services valued in 
excess of their tax contributions. To provide a basis for appraising thes^ 
economic arguments, this paper presents a model for simulating the economic 
effects of immigration. The model is not ah empirically estimated model, 
although with additional work it could become one. It is a theoretical 
framework, useful for understanding how the various economic responses 
triggered by immigration relate to one another. 

The model focuses oh ^ployment, xmemployment , and wage rates in six 
submarfcets of a hatibnal labor market — three in each of two regions. The 
three sutearkets in each region cover (1) unskilled labor, (2) labor ;^o8e 
sfciiis come primarily from on-the-job training and experience, and (3) labor 
whose skills come largely from formal education. The two regions are a 
"region of immigration" and a "rest of the country." 

Simulation of the model shows that the effects of an increase in the 
annual flow of imigrants are highly sensitive to the substitutabllity between 
labor md capital and among different kinds of labor; Co the responsiveness of 
wage changes to unemployment; to the presence or absence of wage rigidity; and 
to the skill mix of immigrants. The effects of immigration are somewhat less 
sensitive to a number of other aspects of labor market behavior. Effects are 
quite sensitive to regional behavior, specifically, to the response of ihter- 
reglohal migration and interregional trade to wage and price differencials. 

o 
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INTRODUCTION 

The free flow of resourcies in response to market signals often promotes 
efficiency and produces economic gains for suppliers and demanders alike. If 
this proposition holds for migration of labor across national boundaries, it 
means that immigrasicn into a country raises not only the incomes of 
immigrants^ but also the aggregate income of the native population. 

Yet in the case of immigration, it is extremely rare for nations to 
permit the flow to respond freely to market signals. Opponents of 
unrestricted iimiiigration into the United States argue that, whatever its 
effect might be in the aggregate, it would depress wages and create 
unemployment for those workers who are the closest substitutes for itanigrant 
workers and for the regions in which inmigrants would settle. Furthermore ^ 
txnres trie ted immigratibtt would allegedly increase government spending^fbr 
income support, schooling, and other services~mbre than it would increase 
government revenues. Other arguments offered against unrestricted timigration 
are political and social rather than economic. 

To provide a basis for appraising the economic arguments, this paper 
presents a model for simulating the economic effects of imniigration. It is 
not an empirically estimated models although with additional work it could 
become one. At this stage it is a theoretical . framework, useful for 
understanding how the various economic responses triggered by i™igratiou 
relate to one another. Simulations of the model ^plbre how certain key 
behavioral responses can influence the results of inmiigration and therefore 
illustrate how bur understanding of the effects of imniigration hinges on 
measuring the strength of these responses. 
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The modii c5virs jjoth short- and long-run respoisii and includes twc 
regions as well as national totals. Without this minimum of detail, the model 
couid r.ever come to grips with some of the key contentions that unde-lie the 
immigration policies of this and many other nations; with this detail, the 
model can serve to integrate a broad range of ideas and empirical findings 
relating to immigratibni 

Past ecbSomic analyses have focused more on the IbSg^run national effects 
of immigration than on short-run or regional effects. The long-run national 
properties of this model are heavily influenced by this previous work, 
especially the production-fmiction^based analyses by Chiswick (1982b) and by 
Johnson (19805* and by ehiswick's (1982a) studies of the progress of 
ionigraats in the years after arrival. The model elaborates on the short-run 
and regibnai behavior that leads— in some cases rapidly, in others slowly and 
with detours — to these long-run national btxtcoses. 

the first section of the paper presents an overview of the model with 
little technical detail. The second section discusses simulations based on 
hypothetical parameter values; the values are selected to show what kinds of 
behavior might, substantially influence the results bf i^igration. The third 
sectibn draws on the results of the simulations to develop an agenda for 
future research on immigration. An appendix lists the. equations of the model 
and the parameters for the varibus simulations. 

OVERVIEW OF THE MODEL 
The model is designed to explain the effects of immigration On 
employment, unemployment, and Wage rates in subiarkets of a disaggregated 
labor market. There are six submarkets; three in each of two regions. IS 
addition to these labor market variables, the model explains the effects of 
immigration on the following variables in the two regions: 
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o Output 

0 Price level 

o Stock of tangible capital 

b Population 

6 Gbrernment expenditures 

6 Government receipts. 

The principal exogenous variables that drive the model are innnigration in 
each of four groups of thi pb^lation and three macroeconomic variables 
directly influenced by government policies and by internatioSal economic 
deveiopments. The four imigrant groups are immigrants of each of the three 
types of labor and immigrants not in the labor force. the macroeconomic 
variables are current-dollar gross national product, the cost of capital, and 
a single natidnal tas rate. 

The model contaiafl forty equations; but that number gives a greatly 
exaggerated iopressioS of its complexity. Most of the equations of the model 
appear in Identical form (though with different values for the variables) at 
least t^*tce, once for each region; and some of them appear six times, once for 
each labor submarfcet. The model contains sufficiently few types of behavior 
to be easily understandable despite the large number of equations. 

this section begins with a note on the two regions into which the 
hypothetical economy is divided. iJ^xt, it explains the equatloSs for the six 
labor subm&rlcets. It then explains th- other equations that are central to 
the operation of the model—price level, output demand, and capital demand 
equations. This is followed by a brief summary of the remaining equations. 
The section concludes with an account of how an increase in the flow of 
immigration affects the model* 
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the^twb Regtoqa 

the two regions In the model are designates as a "region of imlgratioti" 
and "rest of the country," Although this is a miniSai disaggregation, it can 
be made to fit a variety of situations by altering the parameters that control 
the size, labor force cdmposirion, and other characteristics of the region of 
innaigratioui 

The regions are interrelated for two different reasons i First, they are 
part of the same national economy and therefore share the same monetary and 
national fiscal policies; in the ibdel this is reflected in an exogenous 
current-dollar income and an exogenous cost of capital for the country as a 
whole. Second, the regions are linked through trade in goods and migration of 
labor, which are motivated by economic incentives. The strength of these 
economic incentives heips to determine the effects of imigratiou, as two of 
the simulations below will illus crate. 
tebor Market Equations 

The three labor markets in each region are tentatively labeled the market 
for unskilled labor, the market for labor whose skills come primarily from on- 
the- job training and experience , and the market for labor whose skills come 
largely from formal professional education. This basis for disaggregation is 
merely suggestive and can probably be improved; but any disaggregation of the 
labor market would have the same formal properties as the one delineated 
here. Each labor market has a labor supply equation, a demand equation for 
employment, and a wage-change equation. The six labor markets thus account 
for eighteen of the model's equations, although these eighteen equations 
represent only three different types of behavior. 
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Labor Snpp3.y. The growth of the labor force in each labor iarket depends 
on (a) two exogenous influences, the flow of immigration and a "native" rate 
of growth reflecting demographic influences; (b) relative wage rates and 
unempioyment rates; and (c> an "immigrant upgrading" effect. The relative 
Wage rates are ratios of "own" wage rates to other wage rates within the 
region and to wage rates in the same skill-group in the other region* The 
unemployment-rate variable is the rate for the corresponding skill-group in 
the other region minus the own unemplbyment rate. 

the immigrant-upgrading effect reflects the relative economic progress of 
immigrants in the years after their arrival. This progress could, as stressed 
by Piore (1979) ^ resdlt front willingness of new immigrants to tolerate 
undesirable jobs for a limited time in the (often mistaken) belief that their 
stays will be temporary. Alternatively, it could result from self-selection 
of immigrants from the more ambitious individuals in a society; from a 
tendency for less successful immigrants to return to their country of origin; 
or from a diminishing Importance, as time passes, of initial barriers to 
economic advancement such as language problems. Chiswick, who has studied the 
effect extensively, has noted that Its strength varies from one inStgrant 
group another. 

in the model the iamigrant-upgrading effect is represented by movement of 
a fraction of the stock of immigrants from the unskilled market to the 
skilled-thrbugh-training markets The fraction can be varied from one 
simulation of the model to another, as illustrated in the nest section of the 
paper. The higher the fraction, the more an inflow of initially unskilled 
immigrants gradually shifts the supply of skllled-through-eraining workers. 
This inflow is assumed not to shift the supply of skiilrd-through-education 

^' 10 
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workers In the same way; chit is one important reason for distiiiaishini 
three* rather than just two, labor markets in the model. 

Labor Pe^nd. The demand for employment IS each market depends Oi 
regional output and on real wage rates. The equations provide for a pbssiblt 
time lag in the influence Of each of the va^iablia. Apart from time lags, the 
demand equations are derived from assumptions about cost minimization aSd the 
form of the production fuMtioi delating output to inputs in each region. ^ 

Wage Change. The wage-changfe relation is one of the most controversial 
among macroecoSoSists. The model specification is bioad enough so that, 
through alternative parameter values, it can accoSiodate a wide variety of 
views. The change from the previoui year in the wage rate in each labov 
market depends on current and past price changes, on employment relative to 
the labor force, and on the current flow of immigration. Parameters chosen so 
that a 1 percent price increase produces an immediate 1 percent wage increase 
(other things being equal) would reflect "rational expectations" views about 
wage determiaation. Parameters chcsen so that a 1 percent price increase 
produces a smaller wage increase, even in the long run, would imply long-ruS 
"money illusion." 

In most simulations of the model the parameters are selected so that a 1 
percent price increase causes an eventual, but Sot aS iiediate, 1 percent 
wage increase. There is thus no long-run ioney illusion in most simulations. 
In one of the simulations, however, thii equation is allowed to hold only if 



^The model uses a constant elasticity Of substitutidS, or CES, production 
function relating outpat in each region to the three kinds of labor input and 
the capitaa stock in the region. One simulatioS sho^^ the effect of varying 

Slititt 11^^ production functions would 

complicate the employment and price equations of the model. 
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it produces pbsicive wage changes; if it produces wage reductions, it is 
overriden by the condition that wages are unchanged. The results of this 
simuiatibh suggest that the effects of innaigration are sensitive to the 
possible presence of wage rigidity. 
Price. Output ^^and^ap4tal^>emand Equations 

The price, output demand^ and capital demand equations are the other key 
determinants of the operation of the iodel. They augment the labor market 
equations to make the model a complete, if highly simplified, representation 
Of an entire economy* 

The price of what is produced in each region depends on wage 
rates, the cost of capital, and a time trend denoting technological 
progress. The cost of capital is treated as e^cogenous on the grounds that it 
is very sensitiva to the mix of ionetary and fiscal policies and the detailed 
provisions Of the tax cdde^^tters beyond the scope of this m5deli The 
algebraic fori of the price equation forces input-output relations to approach 
a CES production function in the long run. Other algebraic forms would be 
appropriate to other production functions i 

Output. At the national level, aggregate output is identically equal to 
income in current dollars divided by the national price level. Income in 
current dollars Is treated as exogenous, on the grounds that it is highly 
sensitive to monetary policy, fiscal policy, foreigS economic developments, 
and other forces beyond the scope of this model. The model is consistent with 
many theories about the determinants of income in current dollars. 

The model explains not only aggregate output but also its division 
hetween the two regions. Relative prices in the two regions detemine the 
proportion of national output produced in each respective region, reflecting 
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the sensitivity of buyers to interregional price differentials. Both buye: 



sensitivity to price differentials and sensitivity of the labor force t 
regional wage and unemployment differentials, which show up in the labor fbrci 
equations, are key determinants of the relative regional effects oj 
immigration* 

Output is not disaggregated by cbmmbdity. Distingcrf.shing betw^.jea tradec 
and nontraded goods or between farm and nbnfarm products might enrich the 
model but would alsb enlarge and complicate it. 

Capital Stock. The demand for tangible capital stock in each regibn, 
like the demrod for employment, depends on regional butput and bn costs, and 
is derived from the CES prdductibn function. In the regibn of imigration, 
the model also allows for the possible impbrtation of capital by new 
immigrants. Lags are permitted in the responses to output and costs. In the 
case of capital gobds the cost variable resembles an interest rate and is the 
same fbr both regibni. 
at her Eq uati on s 



model to any significant extent, at least during the twenty-year period of the 
simulations. The mbdel also contains six mathematical identities ^In additlbn 



relates gbvernmeht expenditure tb the regibn's output, unemployment, ndhlabbr^ 
force pbpulatibn, and increase in population, all multiplied by the regibnal 
price levels A tax equation for each region ^ based on the aasumptibn that 




The model contains eight addltlbnal behavioral equations that are 
influenced by the outcome, of the rest bf the mbdel but do not feed back on the 



tb the one already described for national butput). 
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regional governments try to balance their budgets, sets the effective regionai 
tax rate equal to last year^'s ratio of government expenditures to output; 

Two equations describe the expenditure and tax decisions of the national 
government* National government expenditures, like regional government 
expenditures, depend on output, population outside the labor force, and 
unemployment. The equatlba for national tax receipts does not assume a 
budget-balancing goal. Rather, tax receipts depend on an exogenous national 
tax fate multiplied by natiohal income in current dollars. tax receipts also 
depend on the change from the previous year in current-dollar income^ on the 
ground that some highly taxed forms of inccme account for a disproportionate 
share of short-run f Itsctuatlons in total income. 

The dependence of expenditures on unemployment is the only way in which a 
decline in the private sector economy causes government spending to 
increase. The equations for the national government do not at present provide 
for expenditures that vary directly with the number of low-income people! Nor 
do the national government equations embody any stabilization policy; they do 
not, tlsat is, attempt to answer the question of what levels of government 
spending and tax rates are necessary ^ in the face of a disturbance such as a 
change in immigration^ to keep the cost of capital and ciff rent-dollar income 
on their assimed exogenous paths. 

Levels of government spending (regional and national) affect the rest of 
the model, principally because the employment equations of the model provide 
for employment in government as well as in the private sector. For plausible 
values of the coefficients of the government equations, however, the effect is 
small enough to ignore in this discussion* 
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The effects of inmigration on government expenditures and receipts aie in 
reality sensitive to whether iStigration is legal or illegal. Hiegki 
immigrants make less use of government Services * and in some cases pay fewer 
taxes, than siiiiariy situated legal immigrants. In the iodei the immigration 
variables do not distinguish between legal aSd iliegai immigrants, but the 
effects of the distinctibii can be explored by simulating the model under two 
or more sets of coefficients for the government equations ^and perhaps other 
equations as wellj, one set appropriate for legal inmiigrants and one for 
illegal immigrants i 

The two remaining behavioral equations describe the population in each 
. region. Population in each region is divided into four groups— three kinds of 
labor and persons outside the labor force. Population change depends on 
exogenous rates of natural increase and decrease (birth rates minus death 
rates) for each of the fou^ groups, on immigration into each of the four 
groups, and on interregional differences in prices, wage rates, and 
unemployment. The interregional Variables have effects that cancel out for 
the entire country. 

Identities. . Six identities coSplete the model. Two calculate averige 
wage rates, one for each region, and two calculate aggregate unemployment 
rates, one for each regioS. One calculates aggregate output for the nation as 
the sum of output ia the two regions. The final one calculates an implicit 
price level fo^ the nation, equal to national tncoie in current dollars 
(exogenous) divided by national output. 
How^he Model B ehaves 

An account of how the model behaves can provide a qualitative 
understanding of how it handles an increase in the flow of Immigration in one 
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aulmiarket— -for example i an increase from a small to a large fibw of uhskilled 
inmigrants per year* it is heipfui to Isegin by describing the effects on the 
labor market as a whole, thiea take up the differential effects on different 
labor submarkets, then turn to the interregional effects, and finally consider 
the government-sector effects. 

Initially a rise in the flow of isiaigration increases the labor force. 
The larger labor force reduces the change in wage rates ^ and the wage 
reduction stimulates employment . . As long as the emplbymeht change is smaiier 
than the initial labor force change, there is an initial increase in 
unemployment i At the same time^ the reduction in wage change reduces the 
change in prices. Because current-dollar income ts given exogenously, the 
moderation of prices leads to higher output, which stimulates emplbymeht 
further and also increases the capital stock. The new equilibritim growth path 
toward which the economy moves will be characterized by higher output, 
employment, and capital stock and lower real wage rates than the old path. 
&y initial Increase in unemployment is reduced as employment expands; but 
because a new group Of immigrants arrives each year, che unemployment effect 
may never wholly disappear. 

The wage and unemplbyment efferts can differ sharply by type bf labbf if 
inmigratibn is concentrated in one type. The initial labbr fbrce increase, 
wage moderation, and employment Increase will be cbncentrated in the submarket 
that immigrants enter. The resulting greater butput will lead to employment 
increases in other subinarketSi and these increases in turn will raise, rather 
than lower, wages in these submarkets * The new equilibrium growth, path, as 
already nbted, will have lower average real wage rates; but the average is 
compbsed 6f a real wage decrease in one submarket and real wage increases in 
others i 
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An added complication arises if the increased flow of imigrants to the 
unskilled sutaarket improves its skills and, in part, upgrades to the 
sulmiarket of workers skilled through trainingi As the upgrading takes place^ 
this latter suSnarfcet begins to respond to growing supply in the same ways as 
does the unskiiled submarket. If enough upgrading occurs ^ it may cause lower 
rather thra higher real wage rates in the skilled^ through- training submarket. 

Regionally the responsiveness of labor supply to differences in wage and 
unemployment means that a disturbance in one region is diffused among other 
regions* Wage and price changes in the region of immigration are moderated by 
this regional diffusion, while changes in the rest of the country echo to some 
extent the changes in the region of immigration. 

The regional responsiveness of demand to price differentials has more 
complex consequences than the responsiveness of supply. Because national 
demand in current dollars is treated as exogenous, higher current-dollar 
demand in one region means lower extent-dollar demand in the rest of the 
country. k disturbance that causes prices to rise in one region can, under 
some par^eter values, lead to an unstable outcome in which output in one 
region continues to grow and output in the rest of the country shrinks. Under 
other (presumably more realistic^ parameter values, a disturbance leads to 
stable new regional shares. 

The effects on government expenditures and receipts depend on output^ 
unemployment, and population outside the labor force. Regionally goverrment 
receipts respond to expenditures. In the long run, growth or shrinkaRe of 
regional government follows the behavior of regional outputs 
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SIMBLATiONS OF THE MODEL 
All simttlations ia this section, except the last one, describe the 
hypothetical effects on key model variables of a large increase in the annual 
flow of imlgration into the unskilled labor iarket ia the "region of 
immigration." The model can simulate many other changes, but this one is 
sufficient to indicate that with plausible parameter changes the model caS 
generate a wide range of botcomes. 

Ml simulations, except the last one, increase inSigration of. unskilled 
workers above the baseline path by 1 million i™igrants in the first year. 
The increase over the baseline path grows in succeeding years at a rate of 2.5 
percent per year. National population (including immigrants) is 205 million 
in the first year • and grow by an average of 2.3 percent per year. The 
increased flow of inmigritiba adds, on average, 0.5 percent more people per 
year to the total population; 2.5 percent to the national supply of unskilled 
workers; and 5 percent to the supply of unskilled workers in the region of 
immigration. 

The first simulation is designated as the reference simulation because 

each succeeding siimxlatibn is compared to it. The parameter values for the 

reference simulation, like those for all other simulations, are hypothetical; 

the reference simulation is useful solely as an expositional aid. The 

succeeding simulations illustrate the effect on the model's behavior of: 

o a change in the substitutability among capital and the three 
types of labor; 

o a change in the speed of upgrading labor skills by unskilled 
immigrants; 

6 a change in the sensitivity of wage rates to unemployment; 
b the impbsition of downward rigidity of wage rates; 
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o a change in the seasitivity of reglonai labor supply to wage 
and anempioyroent differentials between regions; and 

6 a change in the sensitivity of aggregate demand to regional 
price differentials. 

The final simulation changes the skill distribution of Imiigrants. The 
total number of immigrants each year is the same as In the other simulations ^ 
but only 60 percent of them enter the market for unskilled labor. 
The Reference Simaiatton 

key outcomes for the reference simulation are depicted in chart i. the 
chart shows percent differences from a baseline run of the model to a run with 
art increased annual flow of unskilled i^igrants as described above. The 
chart does not show the full model output, but only a small number of 
variables: wage rates by submarket and region, unemployment rates by region, 
and output by region. * 

The first panel of the chart shows the impact of the higher flow of 

immigration on wage rates for unskilled labor in the two regions. In the 

first year^ the higher flow of immigration lowers the wage rate in the region 

of immigration by a little more than 5 percent, ccimpared to the baseline wage 

« 

rate for this submarket. In the second year, the new group of immigrants plus 
the continuing effects of the first year's group lower the wage rate in this 
submarket by 11 percent, compared to the baseline. By the twentieth year the 
unskilled wage rate in the region of imigration is 42 percent below the 
baseline value. Later simulations wiH demonstrate that the size of this wage 
reduction is highly sensitive to a number of parameters and assumptions. 
Unskilled wage rates in the "rest of the country- also fall, due to the 
strength of interregional connections. By the twentieth year unskilled wage 
rates in the rest of the country have declined about 70 percent as much as in 
the region of immigration. 
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Chart 1: Reference Simulation 
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The tjext panel shows wage rates for other types of labor, both as 
national averages rather than in resiottal detail. Initially, wage rates in 
both suboar^cets rise relative to the baseline, Eventually^ however, the 
upgrading 6£ unskillad imigr£.nts puts supply pressure on the slcilled-^through- 
•training submarket. Wages in that submarket fall relative to the baseline, 
while wage rates in the skilled-thrbugh-education submarket continue to 
rise. The Incdme of the noninmlgrant pbptxlation as a :7ho±e benefits slightly 
from immigration. The reference simulation ' is thus consistent with the 
proposition described in the first paragraph of this paper (assuming that the 
capital stock is owned by noniOTiigrants, and that immigrants are taxed 
according to the same schediae as nonimmigrant s5 . The chart, however, does 
not show this aggregate result but focuses instead on the separate impacts on 
different labor submarkets and on the two regions. 

The unemployment rate in the region of inaalgration, shown in the next 
panel, first rises and then falls relative to the baseline. The group of 
immigrants that enters each year creates a piattern of initiaiiy high 
unemployment followed by absorption into the employed labor force- The 
regional unemployment rate is the sum of this pattern over immigrants entering 
in current and past years. At first, the initial increases in unemployment 
outweigh job creation; but as time passes job creation becomes the greater 
influence and the unemployment rate falls back toward its baseline level. By 
the twentieth year the increase over baseline unemployment is only 2.6 percent 
of the cinnulat^.ve increase in immigration. The unemploymCTt rate in the "rest 
of the country- increases slightly over the baseline and displays a barely 
perceptible cyclical fluctuation ^ 
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Output i depicted in the bottom panel of the chart, increases as the 
inaigrants find joSss In the reference simulation the output increase is 
concentrated entirely in the region of in migration. Output in the rest of the 
country, in fact, is slightly below the baseline, as skilled labor and capital 
shift CO the regioxi of inmlgration where they are in strong demand. 
4reatag^Sub8titutability of Inputs 

Chart 2 shows the effect of changing one parameter of the model, the 
elasticity of substitution among the three types ojf labor and capital. This 
parameter, which describes how a^daptable output is to changes in the 
composition of inputs, is set at 0.5 in the reference simulation and is raised 
to the higher value of l.S in the simulation depicted in chart 2. 

The wage Impacts of immigration are greatly affected by this parameter 
change. By the twentieth year unskilled wage rates in the region of 
Immigratldn are oniy 23 percent betow the baseline, ccmpared with 42 percent 
in the reference sirauiatlon. Other wage and unemployment effects are also 
much smaller. Output effects, however ^ are slightly larger because the higher 
elasticity of substitution reduces the degree of diminishing returns to 
unskilled labor. 
Faster Immigrant Upgrading 

ehart 3 shows the effects of changing the parameter of the model 
governing the rate at which initially unskilled iiamigrants s:ilft frota that 
submarket to the sktlled^through-tralnlng market. In the reference simulation 
the number upgraded in each year Is equal to 3 percent of the stock of 
unskilled immigrants. In the simulation depicted in chart 3 the annual 
percentage is raised from 3 to 6. 
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Chart 2: Greater Sabsthatabnity of Inputs 
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Chart 3 J Faster Immigrant Upgrading 
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This parameter change has smaller effects than the change in thi 
elasticity of substitution depicfed iri the previous chart, the largest impaci 
is on the skiiled-through-traidJ-ig wage rate, vihizh by the twititlath yeai 
falls 12 percent in this simulation, compared to 5 percent in the referenc« 
simulation. 

Sensitivity of Wages to ttnamplo^an t — 

Chart 4 shows the effects o£ changing the parameter governing the 
sensitivity of wage changes to unemployment. In the reference simulation, 
wage rates in each suboarfcet respond by 2 percent for each 1 percent change in 
the utilization of labor ^employment as a fraction of labor force). In the 
simulation depicted in chart 4, the elasticity is lowered from 2.0 to 0,5, 

This parameter change substantially affects the results, especially for 
unemployment rates, the unemployment rate in the region of iSiigration rises 
by a pe^ of 2.1 percentage points compared to 0.7 percentage points in the 
•reference simulation. Gradually, interregional migration diffuses the 
unemployment impact, dimihlahing it in the region of immigration but 
increasing it in the rest of the country. 

Despite higher unemployment, output rises by slightly Sore in this 
simulation than in the reference simulation by the twentieth year, the source 
of this result is the composition of uneS^lo^ent (not shown in the chart 5; 
unskilled unemployment is higher but skilled unemployment is lower. The 
former effect dominates in a count of the unemployed, in which people are 
weighted equally; but the latter effect dominates in its impact on output, in 
which people are weighted by their respective real wages* 
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Chart 4: L«ss SensUivlty of Wage Change to Umemployment 



21 



Rea1J(fagei 
Unskilled Workers 
ij3ercentj_ 
region of 

—--.rest of 
country 




Wage Rlgldifcy^ 

Chart 5 shows the effects of imposing rigidity of nominal wage rates, a 
possibility stressed by Piore (1979) and others. In the reference simulation^ 
wage-change relations are the same whether they cauie wages to rise or to 
fall* in the simulation depicted in chart 5, the wage relations of the 
reference simulation are overriden if they lead to reductions in nominal wage 
rates. In these cases the wage rates are held constant at the previous yearns 
level. 

The impact of downward wage rigidity clearly depends on the trend of 
wages produced by all of the assumptions and initial conditions of the 
model. If that trend is strongly upward , the imposition of downward rigidity 
of wages would have little or no effect on the model. If that trend is 
generally downward^ rigidity of wages could have substantial long-run as well 
as short-run effects. 

The results shown in chart 5 illustrate an intermediate case. Downward 
rigidity of wage rates has substantial short-run effects on model outcomes ^ 
but only minor long-run effects. Unskilled wage rates fall much less than in 
the reference simulation in the third through tenth years , but almost as much 
by the twentieth year. The unemployment rate in the region of immigration 
rises much more than in the reference sliulation starting in the second year^ 
but by the same amount in the twentieth year. The impact of wage rigidity 
dies out when the forces at work in the model become strong enough to raise 
wage rates above initial levels even in the face of the increase in 
immigration. 
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Chart 5: Downward Wage Rigidity 
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Interreglooal Sensitivity 

Supply « Chart 5 shows the effects of reducing the sensitivity of labor 
supply to regional differentials in wage rates and aneipioyment rates. In the 
reference simulation, the labor force in each submarket changes by 6.02 
percent per year for each 1 percent regiortai difference in wage rates and for 
each 1 percent regional difference in labor utilization. In the simulation 
depicted in chart 6 the sensitivity is reduced to zero. 

This parameter change amplifies differences between regions. In the 
region of immigration the unakilied wage reduction is greater and the 
unemplbyment increase is larger than in the reference simulation. In the rest 
of the country immigration has zero impact on unskilled wage rates and 
unemployment. Output In^acts are consistent with unemployment impacts: a 
smaller Increase than in the reference aixsulatlon in the region of 
immigration y and no change in the rest of the country^ 

Danahd. Ghart 7 shows the effects of reducing the sensitivity of det&and 
to regional price differences. In the reference simulation, the quantity 
demanded in the region of immigration falls by 1 percent for each 1 percent 
Increase in the. relative price of output in that region. (The quantity 
demanded in the rest of the country is derived as a residual because total 
nominal income in the country is an exogenous policy variable in the model.) 
This price elasticity of -1 means that an Increase in relative prices in the 
region of immigration leaves demand in current dollars unchanged; the 
reduction in the quantity demanded is matched by the higher price paid for the 
quantity purchased. In the simulation depicted in chart 7 demand is less 
sensitive to prices; the long-run elasticity is lowered from -1 to -0.7. A 
higher price in one region, in this simulation, increases the flow of current 



Chart 6: Less Interregional Supply Sensitivity 
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Chart 7: Less Interregional Demand Sensitivity 
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aollars to that region, and therefore curtails the flow of dollars to Che rest 
of the country. 

This reduction in regional demand sensitivity has only laindr effects on 
the initial-year outcomes; but it has large and destabilizing effects in later 
years, in the final years of the simulation a strong expansion in the region 
of immigration reduces unemployment and increases output in that region; 
meanwhile, the rest of the country suffers a deep depression. Evidently, 
regional shares in the model are djmamically unstable for certain parameter 
values. Since this is not a plausible butcoie, it means that either these 
parameter values are unrealistic or the regional demand equation of the model 
needs to be reformulated ^ 

Change in the Sfctli^jaatrlbttti^ of^ Emigrants 

The final simulation, depicted in chart 8, shows the effects of a sore 
evea skill distribution of immigrants. Instead of all immigrants entering the 
submarket for unskilled labor^ as in the other simulations, 60 percent enter 
that submarket, 30 percent enter the submarket of labor skilled through 
training, and 10 percent enter the submarket of labor skilled through formal 
education. The total number of immigrants each year is the same as that in 
the other simulations j and all other assumptions are the same as in the 
reference simulation. 

A more even skill distribution of iiiigrants greatly reduces the downward 
pressure on unskilled wage rates, as the first panel of the chart shows. The 
reduction in wage rates is less than half as much in this simulati5S as in the 
reFerence simulation. Unemployment effects are also much less severe in this 
simulation, and the Increase in output is larger. The reduction of wage rates 
for workers skilled through training, however, begins sooner and is greater in 
this simulation. 



32 



Chart 8: More Even Skill Distribution of immigrants 
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AGENDA FOR FUTUT^: WORK 
This pajper accomplishes two tasks, specification of a model and 
sensitivity anal7sis~that is, simulation of the model under a range of 
hypothetical conditions • The next steps in developing the model to improve 
understanding of imffligratibn are reriew and revision of the specification, 
more simulation of the present model or a respecified version, and estimation 
of key parameters of the model. the paragraphs below discuss each of these 
steps in turn. 
Specification 

The present specification of the model draws heavily from past work in 
several branches of economics. The specif icatibh has not, however, been 
reviewed and criticized by experts in the economics of imigration. Nor has 
it been specified with detailed attention to the availability of data. 
External review and careful evaluation of data sources will likely produce 
changes in specification. 

iSontittubus time-series data corresponding to each variable of the model 
are not necessary in order ffor the model to be operatlonaii Nevertheless, 
sufficient data are needed— vrtiether from time series or other sources — to 
estimate the parameters of the model and to set realistic initial conditions 
for conducting simulations. 
Additional Simula tibna^ 

Simulations of the model presented in this paper have shown the potential 
importance of a range of parameters in determining the effects of 
immigration. Changes in substitutablHty of inputs, sensitivity of wage rates 
to unemployment, rigidity of nominal wage rates, and skill composition of the 
immigrant labor force all have dramatic effects on model results in these 
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simulation. ehanges in the speed of Immigrant upgrading and In the 
sensitivity of labor supply to regional differences have less dramatic, but 
still noticeable effects, A change in the sensitivity of demand to regloiiai 
price differences has large but implausible effects, which suggests that 
respecificatibh of the Interregional demand equation may be desirable. 

The aimttlati5M treported in the paper do not exhaust the list of 'Changes 
that might have significant impacts on model results. Changes in the lag 
structure of the wage-changie equations and tha CTiployient demand equations 
would probably alter some of the results significantly. Changes in the 
sensitivity of submarket la"eor supply to wage differences between skill groups 
have not yet been simulated (in contrast to changes in sensitivity to wage 
differences between regions). Readers will perhaps have their own candidates 
for sinMlatiou of this model or a respecified one. 

the model can simulate the effects of emigratibn as well as cf 
immigration. • Results for emigration will not be simply the reverse of those 
for iisimlgratlbn because m^y the initial conditions and perhaps some key 
parameters differ between countries that typically export labor and those that 
import labor* it would be worthwhile preparing at least i fev/ hypothetical 
simulations of the effects of emigration before proceeding to a revised 
specification of the model. 



At least three bodiei of iS^i^idai work bear directly bh the parameters 
bf the model. The fi^st is research on long-run prbductibn fuhctibSs, which 
cbntaina estimates of the suba'citutability and complemeStarity of inputs into 
production disaggregated in varlbus ways. The second is work on short-run 
labor market adjustment * which contains estimates of the flexibility of wage 
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rates and their aensitivity to excess supply or demand. The third is 
interregional migration studies ^ which coStaiS estimates of the response of 
labor force to regional differeScei In x^ge rates and uhemplbyment rates, 
ieview of all three bbdlei bf literature should be the first step in makiSg 
this model operational i 

There is, however, no standard recipe for estimating a nodel that 
emphasizes both short- and long-run outcomes and that includes some regional 
detail together with national totals. Some parameters are best simply adopted 
from ejcisting rtadies* others estimated from national or regional aggregate 
time-series data^ still others from cross- .actional or panel data. At least 
several years of effort would be required to transform this model into an 
operational analytical tool. 

A final point about estimation is that work on it can and should be 
organized so that there are dividends along the way. One approach to 
providing such dividends is to mike work on each key behavioral response In 
the mddel-^fbr example, work on wage sensitivity to unemployment in 
disaggregated labor markets, or on labor supply response t5 interregional 
differentials— i self-contained study of one aspect of the impact of 
inmigration. Each study can be organized and written up to help illuminate 
one !:opic at the same time that it contributes to empirical implementation of 
the model. 
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APPENDIX 
EQUATIONS AND PARAftSTERS 

This appendix lists the variables, the equations with the coefficients 
used for the reference simulation,, and the alterationjs for each of the other 
slaiulaLibns. 
Variables 

In the list below, i refers to the three tfpes of labor in the model and, 
in some equations, to p^irsdns outside the l^ibor force (i«unskiiied; 2-skilled 
through bn-the-^bb training; 3i»sfcilled- fhrbugh formal education; 4«out bf the 
labor force). The j refers to the two regions (l*regibn of immigratibn; 
2*rest bf country). The n refers to national variables* Variables preceded 
by an asterisk are exogenous. 



^(i»J) ■" employment in each submarket (i»l,2,3; j*i,2) 

G<j)» G(n) * expexidltures_bv regional gbvertments (j-1,2) and by 
national government 

*IHH(i) m inmigratibtt into ragion 1 by labor status (1*1,2,3,4) 

K(j5 ■ capital stock in each region (3*1^2) 

■ labor force in each submarket (i«l,2,3; j-1,2) 

N(j) - population In each reglbn (j-1,2) 

P(J)» p(n) * price level in each region (j-1,2) and nationally 

Q(J)* Q(n) s butput in each region (j^l,2) and nationally 

- cost of capital; ratio of service cost per unit of 
capital stock to national price level in year (t-1) 

SCj3 ■ stock of unskilled immigrants in each region (j-i,2) 

*tx(n) m national tax rate 



TX(J), TX(n) tax receipts collected by each region (jal,2) and 

natibnaily 
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*Tilffl - tiae-tretid equal to 11 In the first year^ 12 in the 

second^ etc* 

^(J) " aheniplbyment as a percent of. the labor force in each 

region U"l,25 

w(iid)i w( j) - wage rate in ^ch submarket (1*1,2,3; i^l^Z} and 

empioyment-weighted wage rate In each region Cj«l,2) 

*?C^5 ■ current-dollar Income, national total. 

the coefficients in the equation listing are those of the reference 
simulation* Ln refers to natural logarittais; (t-l), (t-2), etc*., to lags of 
one year, two years ^ etc* 

Eqxiatibns 2, 4, and 7 are derived from a production function with 

constant elasticity of subatltutloti and* from an assumption of profit 

maximization* the production function is 

r 3 s 
Q(j) - 25[^^|ja(l) EU,d5 ° * a(lc) j) ^ J (^0.01(TIME5^ 

The prbductlbn function does not appear in the model; it can be thought of as 
ah equation for equiiibriim or potential output, if labor force times normal 
utilization rates (see notes to equation 3) are substituted for employment. 
Values of s and the a's used in the simulations are listed below. 
Labor M arket Equations (eighteen equations) 

<i) 1.(1,4) - £(i,j)(t-i) {i.oi ^ bi02 [(w(i,i)/w(i,2)) - i.oj 

ib.b2[(E(i,l)/t(i,l)(t-l)) - E(i,2)/L(i,2)(t-1)] 
+ 0.0[(wCi,j)/w(J)) - 1.0] J 
+ [IHM(i) iO*03[S(J)(t-!.)] 
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Notes: The two signs mean that the sign is plus for region I ^ 
minus for region 2. The IKM _term applies only to the 
three submarkets of region 1. _ The last term applies with 
a minus sign to the two unskilled laSor markets and with 
a plus sign to the markets for labor skilled through 
training. 



(2) In (Ei,j) « Us-1) inC25) + saCi) + .01(3-1) (TIME) 



+ in Q(j) - 0.23 Aln q(j) - 5 lnE0„5(w(i,d)/p( j)) 

+ 0.3(w(l,j)/p(3)(t^l5) ^ 0.2(w(i,j)(t-2)/p<j)(t-2))]} 



* (1.00 0.05 ^ 0.05) 



Nbt^s: s is_the eiastictty of substitution, equal to 0.5 in the 
reference simulation. a(i) is a set of coefficients 
reflecting the relative efficiency of different kinds of 
labor. In the reference fiimilatidni^ atf)«0._5, a(25-1.0, 
and a(3)*1.5. The final term^ (l-J-.OS-F.OS), reflects 
epployment demands by regional and national gover^ents , 
which are assumed to use the three types of labor in the 
same proportions as the private sector. 



(3) Aln w(i,j) » .01 + 0.2 Aln p(j) + 0.4 Aln p(j)(t-l) 



+ .04 Altx p(j)(t-2) - 2.0 In Eb(i) L(i ,d)/E(i , j)] 



0.1EIMH(i)/L(i,l)] 



Notes: A_ set of coeff^i^nts, b(i), reflects the eciuilibrium 
ratio of ei]q>ioyment to labor force for each type of 
labor. tn the reference simulation, b(l)a.94, b(2)-.95, 
find b(3)-.96. 
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Price t Output^ and Capital Demand Equations (six equations) 

i«l 

I . 

+ a(k)a (R(n) p(j)(t-l))^-3jl-s 



Notes: The elasticity of substitution^ a, is equal to O.S tn the 
reference simulation. The set of coefficients a(i) 
reflects the relative efficiency of different types of 
laihor and of the capital t?tock. in the reference 
simtxlation, a(i)-0.5, a(2)-li0, a(3)-1.5, and a(k)-16.b. 



(5) QCi) 



- [Y(:n)/p(l)] iX L(i,l)/J^ J • L(i,J)] 



[1.0 + 0.0 Z (p(I)(t--k)/p(2)(t^fc5 - 1.031 
kPl 

Note: This equation can Be rearranged to say that current- 

dollar oatput per memher of the labor force in region 1 
relative to the nation depends on current and lagged 
relative prices. 



(6) Q(2) 



[Y(n) - Q(l)p(l)] / p(2) 



Note: This equation ^ an identity ^ can he rearranged to ^press 

national carrent--d611ar output as the sum of current- 
dollar output in the two regions. 



(7) in 



(s-t) ln(25) + sa(lc) + .bl(s-i)TIffi + IhE.SQCj) 



+ •5Q<j)(t-l) + 0.0 q(d)(t-2)] -s[.5 RCn) 



+ .3 R(ti)(t-1) + .2 Ri:n)(t-2)] 



Note: The elasticity of substitution J, s , is equal to 0 .5 in the 

reference atmuiation. The coefficient a(k) reflects the 
efficiency of the capital stocky equal to 16.0 in the 
reference simulation. 
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Other Behavioral Equations (8 eqiiations) 



(8) Gtj) - {0.05. Q(j) + 0.05 [N(j) - 2 L(i,j)I 

3 

+ 0.05 l^Z^ (L(i,J) - + 0.05 N(j)} p(j) 

(9) TX(i) - [G(j)(t-l)/Q(j)(:t-t) p(j)(t-l)] Q(j) P(j) 

- - " 2 3 

(10) G(tx) - {.05 Q(n) + 0.5 (N(j) - L(i,j))] 

3 2 

+ 0.5 E Z Z (LCi.j) -E(±.j))]} pCti) 

(11) TX(N) - tx(a) Y(n) + [0.05 Q(a) + 0.0 1^ w(I,j) S(j)] i>(n) 

3 

(12) N(j) - [L(i,j) + 0.025 L(i,^)(t-1)] 

3 

+ 0.98 £N(d)(t-I) - £^ t(±,3)(t-l)] 

+0.02 [p(l)/p(2) - I.O] [N(i)(t-1) - L(l,l)(t-l)I 
+ I1M(4) 



Note: the final term in equation (12) applies onl7 to region I, 

Ideat itlea (six equations) 

3 3 

(13) w(d) - tw(i,j) E(i,j)] / E(l,j) 

3 3 

(14) a(j) - -Z^ [L(i,j) - E(i»j)] / L(i,d) 

(15) Q(n) - Q(l) + Q(2) 
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(16) p(n) - Y(n) / Q(n) 

Slmuiatlbas 

Each simulation is a cotaparisou of the outcomes of two runs of the models 
one with a higher flow of imigration than the other. in the "low" rua^ 
IMM(I) is 1 million every year, while iHH(2)^ IHM(3)^ and IHM(45 are zero. In 
the "high" run, for all the simulations except the final one, iMM(i) begins at 
2 million in year 1 and grows by 2.5 percent per year; while IMM(2), IM1(3), 
and iMM(4) are again zero. Values of IMM(i) for the final simulation are 
listed in the description of that simulation. 

TSe r ef er ence^ Jimoiafcim ts based on the coefficients listed in the 
previous section of this appendix. 

Simulation of ggeater substitutability of inputs raises s in equations 2, 
4, and 7 froin 6.5 to 1.5. It also changes the a(i) in those equations as 
follows: a(l) from 0.5 to 0.09; i(2) from i.O to 0.17; a(3) from 1.5 to 0.26; 
and a(k) from 16^0 to 0*043^ These changes are necessary to keep the 
distribution of income among the labor subgroups and owners of capital within 
plausible ranges. 

Simulacion of f aster i mmigrant upgrading changes the coefficient of S( j) 
in equatira (1) from 6.03 to 6.661, 

Simulation of less sensitivity of wage s ta unemplo^ymeat^ changes the 
coefficient of In (b(i5 tCi,i5 / E(i J)) in equation 3 from -2.6 to -0.5. 

Simulation of wa ge r i g idity substitutes the equation w(i,j) - w(i^j)(t-l) 
for equation 3 whenever that equation leads to a decrease in wage rates. 

Siroxlation of less interregional supply sensitivity charges the 
coefficients of w(i ,l)/w(i,2) and of t(E(i,l)/L(:t,l))-(E(i,2)/L(i,2))J in 
equation 1 from 0^02 to zero. 
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Simtilation of l esa da terreglc aal demand sensitivity changes th 

. 3 . 

coefficient of tp(l)(t-k)/p(2) (t-k)3 in equation 5 f^oi zero to 0.1. 

Simulation of change in the skill dlstrlSatlon^f^ Imtgrants^ uses th. 

same coefficients and "low" Immigration run as the reference simulation. Fb: 

the "high" immigration run, it redistributes the difference between "high" an« 

"low" values of iMM(l) used in the other runs as follows; 60 percent t« 

iMfCD, 30 percent to IMM(2), and 10 percent to IMM(3). 
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